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Introduction
Aging is associated with reductions in the performance 
of most physiological systems1. The age-related muscle 
weakness contributes to a number of adverse health 
outcomes, such as loss of mobility, frailty and social 
isolation2,3. The weakness is at least partly a result of the 
loss of lean body mass and a concomitant increase in body 
fat percentage, and is associated with reductions in bone 
mineral density4,5. The prevalence of non-communicable 
diseases (NCD), such as high blood pressure, arthritis, 
cancer and diabetes also increases with increasing age6. 
The benefits of physical activity (PA) and sport as low-
cost and effective means of prevention and treatment of 
NCDs is evident for health policymakers7 and recreational 
sports have attracted growing government attention8. 
However, few studies investigated the potential health 
benefits of football9,10, walking11, running12, swimming13,14 
and recreational table tennis (RTT) to prevent the age-
related decline of physical function, muscle strength and 
changes in body composition.
Table tennis is an intermittent sport with short bursts of 
intensive activity15,16, similar in nature to intense interval 
training. Accordingly it has been reported that table 
tennis improves bone mineral content and lean mass, 
and decreased fat mass in athletes17. Although there are 
thus beneficial effects of RTT on the health profile of 
athletes, the effect of RTT on the health profile of other 
populations, especially the older adult, is unknown. Thus, 
the aim of this retrospective study was to assess the 
effects of recreational table tennis playing on bone health, 
physical function and muscle strength in older adult men. 
Abstract
Objectives: This study investigated the benefits of regular recreational table tennis games for body composition, physical 
performance and muscle strength of older adult men. Methods: We compared twenty older male regular table tennis players 
(RTTP) and twenty age- and weight-matched sedentary participants (SP). Body composition (LM, lean mass; FM, fat mass; 
BMD, bone mineral density), physical function, and muscle strength were analyzed with dual-energy X-ray absorptiometry, 
short physical performance battery (SPPB) and a hand-held dynamometer, respectively. Results: The RTTP had a higher 
elbow flexor, knee extensor and plantar flexor muscle strength than the SP. The RTTP had a higher total, regional (arm, leg 
and lumbar spine), and site-specific (trochanter and Ward’s triangle) BMD, and a lower fat mass, in total and regional terms 
(arm, leg, and truck) as well as percentage of body mass, than the SP. RTTP had a higher SPPB score and performed the 
400-m walk in a shorter time than SP. Conclusions: These data suggest that regular table tennis has beneficial effects on 
muscle strength, physical performance and body composition, and is a potent activity to improve health in older adults.
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We hypothesized that regular participation in recreational 
table tennis improves bone health, physical function and 
muscle strength in older adult men.
Materials and methods
Participants
All participants lived in Shahrood, Semnan, Iran, and were 
recruited through presentations in the local community 
from November 2015 to May 2016. The twenty regularly 
recreational table tennis players (RTTP: age 68.8±4.6 y; BMI 
26.9±2.0 kg/m2) had a training experience of 11.6±3.6 years 
(5 to 19 y) of 3.5±1.05 session (2 to 5) per week, lasting 1.5-
3 hours per session. Twenty sedentary participants (SP: age 
69.5±3.9 y; BMI 27.6±1.9 kg/m2) had not participated in any 
regular exercise program for at least 2 years and were age- 
and weight-matched to the RTTP participants. 
Participants were excluded if they reported; neurological 
problems (such as Parkinson’s disease), cardiovascular 
disease (CVD), bone or joint problems and/or surgery (such as 
back, knee, or hip arthritic diseases), hypertension, diabetes, 
alcohol consumption, smoking, taking medication. The study 
was approved by the Institution Review Board of Blinded and 
met the STROBE study guideline of cross-sectional studies. 
All procedures were in accordance with the Declaration of 
Helsinki and were explained to the participants before they 
signed an informed consent declaration.
Outcome measures
The body mass index (BMI) was calculated as body mass/
height2 (kg/m2). Resting blood pressure was measured using 
a semi-automated device (DINAMAP™ XL, Critikon, Johnson 
& Johnson, Tampa, Florida, USA) four times, each 2 min 
apart. The first reading was discarded, and data presented as 
the mean of the next 3 consecutive readings.
Short performance battery (SPPB)
The short physical performance battery (SPPB)18 was used 
as a measure of physical function and consists of assessments 
of standing balance, a short (4-m) usual gait-pace test and a 
timed 5-chair stand test. For each of the three components 
the score ranges from 0, being “unable to complete the task” 
to 4, being the “highest level of performance”. The total 
score thus ranges from 0 (worst performance) to 12 (best 
performance)19. The total score of the SPPB is related to the 
degree of disability, mortality and hospital admission18. 
To assess static balance, participants were asked to 
maintain standing posture during three standing positions: 
side-by-side, semi-tandem and tandem stance. If the patient 
could maintain the side-by-side stance (feet together) for 10 
s, he then performed a semi-tandem stance and if maintained 
for 10 s this was followed by a tandem-stance position.
The scoring was as follows: 0 points if the participant was 
unable to hold the side-by-side stance for >9 seconds; 1 point 
for a side-by-side stance of 10 sec, but unable to hold semi-
tandem for 10 s; 2 points for a semi-tandem stance for 10 s, 
but unable to hold tandem for >2 s; 3 points for tandem for 
3-9 sec; 4 points for a 10-s tandem stance.
For the 4-m walk test, the participant was asked to walk 
at his comfortable speed across 4 m that was monitored by 
two sets of infrared photocells. Timing started on the “begin” 
command and ceased when one foot crossed the end of the 
course. If the time to cover 4 m was more than 8.70 s the 
score was 1 point, 6.21 to 8.70 s scored 2, 4.82 to 6.20 s 
scored 3, and time less than 4.82 s scored 4.
After assessment of gait speed, participants were asked 
to sit in a standard-height chair with feet resting on the floor 
and arms folded across the chest. On the command “begin”, 
the participant rose up as straight and as quick as possible 
without upper extremity assistance and sat down five times. 
The test was stopped if the patient became tired, short of 
breath, used arms, or one minute had passed without all five 
stands completed. A 5-chair stand time of 16.7 s or more 
was scored 1 point, 13.7 to 16.6 s scored 2, 11.2 to 13.6 s 
scored 3 and 11.1 s or less scored 4.
400-m walk test
For this test, participants were asked to walk 400 m at 
their usual pace without overexerting. Participants began 
from a standing position, walked down a 20-m track, turned 
around a cone, and repeated the course 10 times to complete 
the 400-m walk. The tester announced the number of turns 
completed and the number remaining. Participants were 
allowed to rest without sitting. Time to complete the test 
was recorded. If the 400 m was not covered in 15 min the 
test was stopped, a time that corresponds to a slow walking 
speed (0.45 m/s based on a 20-m track). The test has been 
reported to be reproducible and a good indicator of mobility 
limitation in older adults20. 
Maximal isometric muscle strength
Maximal isometric muscle strength was measured 
bilaterally with the ‘make’ technique, using a hand-held 
dynamometer (HHD: Manual Muscle Testing System; Lafayette 
Instruments Co, Lafayette, IN). The ‘make’ technique requires 
the patient to gradually increase the force, which helps the 
examiner to hold the dynamometer in a fixed position21. When 
maximal force was reached the participants were instructed 
to maintain this force for three to five seconds until the 
“beep” sound from the dynamometer22. Table 1 and Figure 
1 illustrate the testing procedures. To measure elbow flexor 
muscle strength (EFMS), the experimenter placed the hand-
held dynamometer (HHD) against the distal crease on the 
metacarpal surface of the wrist (Figure 1A). For ankle plantar 
flexor muscle strength (PFMS) the HHD was placed against 
over the metatarsal heads on the sole of the foot (Figure 1B) 
and for the measurement of knee extensor muscle strength 
(KEMS) it was held against the anterior aspect of the shank, 
just proximal to the ankle joint (Figure 1C). 
Each test consisted of three consecutive maximal 
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isometric contractions of each muscle group, with 1-min rest 
intervals between trials and 3-min rest intervals between the 
tests of different muscle groups. If the difference between 
the highest and the lowest value was within 10%, the test 
was considered complete; otherwise, the test was repeated. 
Trials were rejected if there was excessive limb movement 
and/or recruitment of other muscles than the muscle group 
of interest. 
Before each test, the participant performed two 
contractions to familiarize with the procedures. The 
participants received standardized instructions and 
encouragement throughout the test. The instrument was 
calibrated before each participant was tested. The HHD was 
set to read force in Newton (N), with an upper limit of 660 
N, measuring to the nearest 0.1 N. The testing positions 
chosen minimized bias introduced by gravity. The rater 
used in all tests both hands to resist the force produced by 
the participants and thus maximize stabilization of the HHD 
during the test. 
Kolber, Cleland23 reported a validity of 0.74 to 0.78 for 
measurement of muscle strength by HHD in healthy individuals 
when compared to gold standard isokinetic dynamometry. In 
addition, the inter- and intra-rater reliability for elbow flexor 
strength and knee extensor strength determination with HHD 
were between 0.95 to 0.98, and 0.95 to 0.97, respectively24, 
while that for the plantar flexor strength varied between 0.84 
to 0.89, and 0.80 to 0.82, respectively25. In our study, we 
found that the ICC between three trials of muscle strength 
testing ranged from 0.84 for PFMS to 0.98 for EFMS. 
These data indicate that the ’make’ test with HHD provides 
satisfactory indications of muscle strength.
Table 1. Description of body positions and dynamometer placement for strength testing procedure.
Muscle 
group 




Supine; lower extremity was held by 
co-examiner to minimize participant 
movement
Elbow at 90° flexion; shoulder 
in neutral rotation/upper arm 
against trunk and resting on a 
table
Proximal to styloid process of 
radius adjacent to the distal 
crease on the metacarpal 
surface of the wrist
Manually
KEMS
Seated on a test chair and thigh 
restrained using a belt 
The hip and knee at 90° flexion, 
with shank perpendicular to the 
ground
Anterior surface of the ankle, 
adjacent to the most proximal 
crease when the foot is in 
dorsiflexion 
Using a belt and 
manually 
PFMS
Supine and fixed by firmly gripping 
the sides of the table. A co-examiner 
minimized any accessory movement 
of the lower extremity by holding the 
lower leg
Both feet in maximal dorsiflexion 
(start position of test) resting 
on the table with hips and knees 
extended 
Over the metatarsal heads on 
the sole of the foot
Manually
EFMS, elbow flexor muscle strength; KEMS, knee extensor muscle strength; PFMS, plantar flexor muscle strength.
Figure 1. Subject position for A) Elbow flexor muscle strength testing, B) Knee extensor muscle strength testing and C) Ankle plantar 
flexor muscle strength testing.
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Body composition and bone mineral density (BMD)
Total and regional body composition was measured using 
a dual-energy X-ray absorptiometry (DXA) scan (GE, Lunar 
Prodigy, USA), as previously reported26. Prior to scanning, 
participants were instructed to remove all objects containing 
metal. Scans were performed with the participants lying in 
the supine position along the table’s longitudinal centerline 
axis. Participants remained motionless during the entire 
scanning procedure. The procedure lasted 10 to 15 min and 
was conducted by a skilled laboratory technician according to 
the manufacturer’s recommendations and after calibration of 
the device using a lumbar spine phantom. The enCore 2003 
Version 7.0 software generated standard lines that set apart 
the limbs from the trunk and head. These lines were adjusted 
by the same technician using specific anatomical points 
determined by a standardized segmentation protocol that is 
described elsewhere27.
Lean mass (kg), fat mass (kg) and BMC (kg) were 
calculated from analysis of the whole body scan. BMD (g/
cm2) was calculated using the formula BMD=BMC*area1. 
The body fat percent (%BF) was calculated by dividing fat 
mass by body mass.
Additionally, total body scan sub-regions are reported. 
The sub-regional analysis was performed as described 
elsewhere28. Lean mass was assumed to be equivalent to 
muscle mass, but only in the limbs29. The arm region (including 
the anatomical arm, forearm and hand) was separated from 
the trunk by an inclined line crossing the scapulo-humeral 
joint, such that the humeral head was located in the arm 
region. The leg region (including the upper and lower leg, 
and the foot) was separated from the trunk by an inclined line 
passing just below the pelvis. 





 and left proximal femur including the femur neck, 
trochanter, intertrochanter region and Ward’s triangle. 
Ward’s triangle refers to a radiolucent area between principle 
compressive, secondary compressive and primary tensile 
trabeculae in the neck of femur, the region between the 
load-bearing trabecular patterns. In our laboratory, the 
coefficients of variation varied between 0.6% to 1.9% for 
body composition measures. 
Statistical analysis
The data were analyzed using SPSS 18.0 (SPSS Inc., 
Chicago, IL, USA). Independent t-tests were used to assess 
the differences between groups or a repeated-measures 
ANOVA when also considering the side-to-side differences. 
Differences were considered significant at p<0.05.
Results
Table 2 shows that there were no significant differences in 
age, height, body mass and BMI between the SP and RTTP group.
Table 2. Demographic characteristics of study participants.
Demographic 
Characteristics RTTP (n=20) Mean±SD SP (n=20) Mean± SD
Between Group Difference 
Mean (95%CI)
P
Age (y) 68.8±4.6 69.5±3.9 0.6(-3.4 to 2.1) 0.25
Height (cm) 170.7±8.7 171.4±3.5 0.7 (-3.4 to 2.1) 0.91
Mass (kg) 78.4±6.8 81.1±5.1 2.7 ( -6.6 to 1.6) 0.67
BMI (kg/m2) 26.9±2.0 27.6±1.9 0.8 (-2.0 to 0.5) 0.31
BMC (kg) 2.76±0.6 2.5±0.4 0.3 (-0.58 to 0.62) 0.1
Systolic BP (mmHg) 136.5±15.7 144.6±12.8 -8.1 (-17.2 to 1.11) 0.08
Diastolic BP (mmHg) 82.2±3.9 85.1±5.6 -2.8 (-5.9 to 0.3) 0.07
Abbreviations: BMI, Body mass index; BMC, Bone mineral content; BP, Blood pressure.
Table 3. Physical Performance of study participants.
Physical Performance RTTP (n=20) Mean± SD SP (n=20) Mean± SD
Between Group Difference 
Mean (95%CI)
P
SPPB Score 10.5±1.4 9.1±1.6 1.4 (0.3 to 2.1) 0.01
5-chair stands (s) 10.7±0.5 11.3±0.7 -0.7 (-1.1 to -0.1) 0.02
4-m walk (s) 3.6±0.5 4.1±0.6 -0.4 (-0.8 to -0.1) 0.01
400-m walk (s) 268±14 286±14 -17.5 (-26.5 to -8.5) 0.001
Abbreviations: SPPB, Short Physical Performance Battery Score.
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RTTP had a higher SPPB score (p=0.01) and performed 
the 5-chair stands (p=0.02), 4-m (p=0.01) and 400-m walk 
(p<0.001) in a shorter time than the SP (Table 3).
The body fat percentage (p=0.04) and total (p<0.001), 
arm (p=0.004), leg (p=0.02), and trunk (p=0.04) fat mass 
were lower in RTTP than in the SP. Total (p=0.001), arm 
(p=0.006), lumbar spine (p<0.001), leg (p=0.008), femoral 
neck (p=0.007), trochanter (p=0.03), and Ward’s triangle 
(p<0.001) BMD were higher in RTTP than in the SP. There 
were no significant differences in the total and regional lean 
mass between the two groups (p>0.05) (Table 4).
There were significant Group × Side interactions for lean 
mass (p=0.015), fat mass (p=0.001), BMD (p=0.001) and 
elbow flexor muscle strength (p<0.001). Such an interaction 
indicates that the differences between the dominant and non-
dominant side are not the same in SP and RTTP. Indeed, it can 
be seen in Table 5 that the elbow flexor muscle strength, LM 
and BMD were larger in the dominant than the non-dominant 
arm of RTTP, while no such differences between the dominant 
and non-dominant side were seen in the SP. In addition, the 
FM of the dominant arm was lower than that of the non-
dominant arm in table tennis players, while there was no side 
difference in FM in the SP.
Discussion
To the best of our knowledge, our study is the first to 
investigate the effect of regular recreational table tennis in 
older adult men. The main observation of the study is that 
regular participation in table tennis playing not only results 
in reduced fat mas, increased strength and bone mineral 
density in the tennis arm, but also has beneficial effects on 
overall muscle strength, physical performance and body 
composition. This most likely is associated with a better 
physical health of the older adult men.
During ageing there is a loss and/or atrophy of fast-twitch 
fibers30. It has been demonstrated that low ankle plantar 
flexor and knee extensor muscle strength limit the ability to 
prevent a fall31. Indeed older adults with a history of falling 
have smaller and slower muscles than those who don’t have 
a history of falling32. The higher elbow flexor, knee extensor 
and ankle plantar flexor muscles strength we observed in the 
older RTTP than SP may thus be significant in reducing the 
risk of falling, and also underlie the better performance of 
daily activities. In fact, the 1.4 points difference in SPPB score 
between RTTP and SP far exceeds the clinically significant 
(1.34 points) difference in this measure in older individuals33. 
The negative correlation between SPPB with fear of falling34 
Table 4. Body Composition of study participants.
Variables RTTP (n=20) Mean± SD SP (n=20) Mean± SD
Between Group Difference 
Mean (95%CI)
P
Body fat percent (%) 30.3±4.7 32.9±2.0 -2.6 (-5.04 to -0.1) 0.04
Lean mass (kg)
Total 55.1±8.1 53.1±5.2 1.9 (-2.4 to 6.31) 0.4
Arm 7.1±0.9 6.6±0.9 0.4 (-0.15 to 1.01) 0.1
Leg 17.8±2.5 17.1±1.8 0.7 (-0.74 to 2.04) 0.3
Trunk 30.8±6.4 29.2±5.4 1.5 (-2.3 to 5.3) 0.4
Fat Mass (kg)
Total 23.8±2.9 26.9±2.8 -3.1 (-4.9 to -1.3) 0.001
Arm 2.5±0.5 3.1±0.6 -0.54 (-0.9 to -0.18) 0.004
leg 8.3±1.6 9.4±1.1 -1.1 (-1.9 to -0.19) 0.02
Trunk 12.9±2.6 14.6±2.8 -1.8 (-3.5 to -0.1) 0.04
BMD (g/cm2)
Total 1.27±0.13 1.1±0.11 0.17 (0.09 to 0.25) 0.001
Arm 0.81±0.07 0.76±0.04 0.05 (0.02 to 0.09) 0.006
Thoracic spine 0.91±0.04 0.88±0.06 0.03 (0.002 to 0.07) 0.13
Lumbar spine 1.25±0.11 1.24±0.09 0.11 (0.05 to 0.17) 0.001
Leg 1.25±0.14 1.15±0.06 0.09 (0.03 to 0.16) 0.008
Femoral neck 0.98±0.06 0.94±0.05 0.05 (0.002 to 0.07) 0.007
Trochanter 0.83±0.07 0.79±0.05 0.04 (0.09 to 0.25) 0.03
Ward’s triangle 0.91±0.05 0.84±0.04 0.07 (0.04 to 0.1) 0.001
Abbreviations: BMD, Bone mineral density.
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in older people highlights the potency of participation in RTT 
to reduce falls and following complications.
In line with our observation, a previous study demonstrated 
that regular participation in recreational tennis also reduces 
body fat35,36. Even in older diabetic patients, 12 weeks of 
football9 was associated with a lower %BF, though less 
pronounced than we observed in our RTTP. Whatever the 
cause of the smaller differences seen in other studies, the 
lower body fat% is likely to have significant health benefits 
and societal implications as obesity, predisposing to diabetes, 
has become a global epidemic with more than 1.9 billion 
overweighed adults (BMI>25) and at least 600 million people 
with clinical obesity (BMI>30)37.
In our study, BMD was 5.7% higher for the RTTP than the 
SP. This, and similar observations in football10 and tennis38 
support the exercise advice by the American College of 
Sports Medicine to perform 30-60 min of weight-bearing 
endurance activities such as tennis, at least three times 
a week for maintaining bone health in older adults39. High-
impact and weight-bearing exercises are particularly 
important for increasing or maintaining the bone mass. 
Another factor that could be effective in increasing BMD is 
the muscle force output during the exercise and increase of 
muscle strength over time38,40. 
In line with previous observations in young-adult 
professional table tennis players41 we show here that also 
regular recreational older table tennis players had a higher 
LM, BMD and EFMS, and lower FM in the dominant limb than 
in the non-dominant limb. A similar situation has been seen 
in the racquet arm in veteran tennis players38 and in side-
to-side differences in bone strength in master jumpers and 
sprinters42. The higher BMD in the dominant arm of the 
older adult in the RTTP is most likely attributable to the 
adaptive response to the exerted mechanical load38, as the 
environmental, nutritional, genetic, hormonal and nervous 
variables which affect bone are similar in both arms. Our 
observation and the strong relationships between muscle and 
bone size in both arms in elite youth tennis players40 support 
the notion that regular loading of the bone is required to 
induce and maintain changes in bone structure.
Studies have shown that osteogenic effects occur when 
short high-intensity strains are repeated regularly in unusual 
directions4,43. In addition, it has been shown that intermittent 
forces that produce high strains are more osteogenic than 
continuous forces of the same magnitude43. Thus, the main 
cause of the larger bone mass in the dominant arm of the 
recreational table tennis players may well be the recurring 
hits in this sport activity that probably produce large and 
intermittent strains on the dominant arm. Another factor that 
can contribute to higher BMD is the higher muscle strength 
of the dominant arm, which may, via the larger forces it can 
exert on the bone, also be osteogenic4.
Table 5. Body Composition and Limb Muscle Strength for the Dominant Limb (DL) and non-dominant Limb (NDL) of Older Recreational Tennis 







Group Effect Limb Effect
Group × Limb 
Interaction
LM (kg)
RTTP 3.4±0.3 3.1±0.2 0.31 (0.19 to 0.43) 0.154 0.001 0.015
SP 3.2±0.3 3.14±0.3 -0.06 (-0.12 to 0.22)
FM (kg)
RTTP 1.14±0.2 1.46±0.24 -0.4 (-0.25 to -0.15) 0.001 0.001 0.001
SP 1.51±0.26 1.57±0.34 -0.06 (-0.11 to -0.02)
BMD (g/cm2)
RTTP 0.79±0.05 0.75±0.04 0.04 (0.03 to 0.05) 0.3 0.001 0.001
SP 0.76±0.04 0.76±0.03 -0.005 (-0.02 to 0.01)
EFMS (N)
RTTP 24.9±2.5 22.7±2.14 2.22 (1.7 to 2.7) 0.007 0.001 0.001
SP 22.03±2.2 21.5±2.6 0.56 (0.17 to 0.96)
KEMS (N)
RTTP 34.6±2.2 33.9±1.8 0.59 (-0.2 to 1.2) 0.001 0.005 0.9
SP 31.6±1.4 31.02±1.5 0.57 (0.03 to 1.1)
PFMS (N)
RTTP 20.1±2.3 19.5±2.6 0.53 (0.2 to 1.1) 0.04 0.007 0.9
SP 18.8±1.4 18.2±1.3 0.53 (-0.01 to 1.07)
Abbreviations: LM, lean mass; FM, fat mass; BMD, bone mineral density; EFMS, elbow flexor muscle strength; KEMS, knee extensor muscle 
strength; PFMS, plantar flexor muscle strength.
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A limitation of the study is that only older men were 
investigated. While this may preclude generalization of the 
results to other populations, the effects of tennis playing 
on muscle and bone properties have been reported to be 
similar in young and old men or women38,44. Accuracy of 
HHD measurements can be affected by inadequate strength 
of the tester and lack of stabilization of the subject and 
device23. To minimize this bias we minimized any accessory 
movement of the lower extremity during measurement of 
knee extensor muscle strength by strapping the thigh, while 
during plantarflexor muscle strength measurements the 
participants stabilized themselves by firmly gripping the 
sides of the bench while a co-examiner held the lower leg in 
place. To measure elbow flexor muscle strength, the upper 
arm was held against the trunk and rested on a table.
In conclusion, regular recreational tennis playing in older 
men not only benefits muscle strength and bone mineral 
density in the tennis arm, but also overall muscle strength 
and body composition. It is also associated with improved 
performance indicators of daily life activities. This suggests 
that regular participation in table tennis can be used as a 
health-promoting activity for older adult men.
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